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Description
Technical Field

[0001] The present invention relates to a radio base
station, a user terminal and a radio communication meth-
od in a next-generation mobile communication system.

Background Art

[0002] Conventionally, various radio communication
schemes are used in radio communication systems. For
example, in UMTS (Universal Mobile Telecommunica-
tion System), which is also referred to as "W-CDMA
(Wideband Code Division Multiple Access)," code divi-
sion multiple access (CDMA) is used. Also, in LTE (Long
Term Evolution), orthogonal frequency division multiple
access (OFDMA) is used (see, for example, non-patent
literature 1).

[0003] Also, successor systems of LTE (referred to as,
for example, "LTE-advanced" or "LTE enhancement"
(hereinafter referred to as "LTE-A")) are under study for
the purpose of achieving further broadbandization and
increased speed beyond LTE. In the LTE-A system, a
HetNet (Heterogeneous Network) is under study, in
which small cells, each having local a coverage area of
a radius of approximately several tens of meters, are
formed within a macro cell having a wide-range coverage
area of a radius of approximately several kilometers.

Citation List
Non-Patent Literature

[0004] Non-patent Literature 1: 3GPP TR 25.913 "Re-
quirements for Evolved UTRA and Evolved UTRAN"

Summary of Invention
Technical Problem

[0005] Now, in Rel-12, a scenario to allow a plurality
of cells to use different frequency bands (carriers) is un-
der study. If the base stations of a plurality of cells are
substantially the same, it is possible to employ carrier
aggregation (intra-eNB CA). On the other hand, when
the base stations of a plurality of cells are completely
different, dual connectivity (inter-eNB CA) may be used.
In dual connectivity, DRX (Discontinuous Reception) is
configured on a per base station basis, from the perspec-
tive of battery consumption. Given that the start of data
communication depends on the DRX cycle when traffic
is produced on the base station side, with dual connec-
tivity, the optimization of the operation to start data com-
munication remains as a problem.

[0006] The present invention has been made in view
of the above, and it is therefore an object of the present
invention to provide a radio base station, a user terminal

10

15

20

25

30

35

40

45

50

55

and a radio communication method which can optimize
the operation to start data communication when traffic is
produced on the base station side in dual connectivity.

Solution to Problem

[0007] The radio base station of the present invention
provides a radio base station that, when a user terminal
is in discontinuous reception mode in a first carrier used
in another radio base station, communicates with the us-
er terminal by using a second carrier that is different from
the first carrier of the other radio base station, and this
radio base station has a transmitting section that, when
traffic is produced in the radio base station or in the other
radio base station, transmits command information for
allowing the user terminal to transition from discontinu-
ous reception mode to non-discontinuous reception
mode, to the user terminal.

Advantageous Effects of Invention

[0008] According to the present invention, when traffic
is produced in a radio base station or in another radio
base stations in dual connectivity, command information
is transmitted from the radio base station to a user ter-
minal. The user terminal, by receiving this command in-
formation, transitions from discontinuous reception mode
to non-discontinuous reception mode with respect to a
first carrier. Consequently, the operation in the user ter-
minal to start data communication in the first carrier do
not rely on the receiving timing during discontinuous re-
ception mode, so that it is possible to quickly start data
communication between the user terminal and other ra-
dio base stations.

Brief Description of Drawings
[0009]

FIG. 1 is a conceptual diagram of a HetNet;

FIG. 2 a diagram to explain discontinuous reception;
FIG. 3 is a diagram to explain the operation of a user
terminal to start communication in dual connectivity;
FIG. 4 is a diagram to show an example of a discon-
tinuous reception operation in dual connectivity;
FIGs. 5 provide diagrams to show examples of the
operation of a user terminal to start communication
with a secondary base station;

FIG. 6 is a diagram to show a schematic structure
of a radio communication system;

FIG. 7 is a diagram to show an overall structure of a
radio base station;

FIG. 8 is a diagram to show a principle functional
structure of a baseband signal processing section in
a master base station;

FIG. 9 is a diagram to show a principle functional
structure of a baseband signal processing section in
a secondary base station;
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FIG. 10 is a diagram to show an overall structure of
a user terminal; and

FIG. 11 is a diagram to show a principle functional
structure of a baseband signal processing section in
a user terminal.

Description of Embodiments

[0010] FIG. 1is a conceptual diagram of a HetNet. As
showninFIG. 1, aHetNetrefers to aradio communication
system in which a macro cell M and a small cell S are
placed to physically overlap each other at least in part.
A HetNetis formed by including a radio base station eNB
1 that forms a macro cell M (hereinafter referred to as a
"macro base station"), a radio base station eNB 2 that
forms a small cell S (hereinafter referred to as a "small
base station"), and a userterminal UE that communicates
with the macro base station eNB 1 and the small base
station eNB 2. Note that the small cell S is a concept to
cover a phantom cell, a pico cell, a nano cell, a femto
cell, a micro cell and so on.

[0011] In the HetNet structure, a scenario to provide
small cells S in a high-density deployment is under study
for the purpose of supporting the continuing growth of
traffic. According to this scenario, a carrier of a relatively
low frequency band is used in the macro cell M, and a
carrier of a relatively high frequency band is used in the
small cells S. In the macro cell layer, a wide coverage
and mobility are secured by establishing a control-plane
connection and supporting high transmission power den-
sity in a low frequency band. On the other hand, in the
high-density small cell layer, throughput is increased by
establishing a data-only, user-plane connection and se-
curing capacity in a high frequency band.

[0012] As a method of realizing the above scenario,
connecting between the macro cell M and the small cells
S with a backhaul is ideal, and, if the macro cell M and
the small cells S use substantially the same base sta-
tionthat is, share a scheduler in common -- carrier ag-
gregation (Rel-10) (hereinafter "Rel-10 CA")is employed.
In Rel-10 CA, the serving cell is made the PCell (Primary
Cell), and communication is carried out by using SCells
(Secondary Cells) that are present in different frequency
bands from that of the PCell. In a user terminal UE, the
function of deactivating a SCell when there is no com-
munication in the SCell is supported.

[0013] When a Scellis in the deactivated state, for ex-
ample, the user terminal UE does not transmit the SRS
(Sounding Reference Signal) or receive downlink control
signals in the PDCCH (Physical Downlink Control Chan-
nel). Consequently, the battery consumption of the user
terminal UE is saved. The activation/deactivation of
SCells is done by way of MAC signaling, and can be
controlled relatively dynamically. When a SCells is acti-
vated, the user terminal UE carries out CQl measure-
ments and so on, and communication is carried out. Note
that Rel-10 CA may be alsoreferred to as "intra-eNB CA."
[0014] On the other hand, when a macro cell M and
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small cells S use separate base stations -- that is, use
different schedulers -- dual connectivity is employed in-
stead of Rel-10 CA. Dual connectivity is realized by con-
figuring secondary base stations (secondary eNBs), in
addition to the master base station MeNB (Master eNB),
in a user terminal UE. In dual connectivity, the battery
consumption of the user terminal UE is saved by config-
uring DRX (Discontinuous Reception) on a per base sta-
tion basis. Note that dual connectivity may be referred to
as "inter-eNB CA."

[0015] As shownin FIG. 2, a user terminal UE in DRX
mode (discontinuous reception mode) is activated peri-
odically in a predetermined DRX cycle, and monitors
downlink control signals (PDCCH) in receiving durations
("on durations"). When traffic is produced on the terminal
side, a scheduling request is transmitted from the user
terminal UE in DRX mode, and uplink communication is
promptly resumed. Also, when traffic is produced on the
NW side (base station side), the user terminal UE in DRX
mode receives downlink control signals in on durations,
and downlink communication is resumed.

[0016] Asnotedearlier,in Rel-10 CA, the activation/de-
activation of SCells can be controlled dynamically by way
of MAC signaling. Consequently, even when trafficis pro-
duced on the NW side, it is possible to promptly activate
SCells in the deactivated state and resume data commu-
nication. However, when traffic is produced on the NW
side in dual connectivity, it is necessary to receive down-
link control signals in DRX on-durations, and the opera-
tion to start data communication relies upon the DRX
cycle. Now, before describing the present invention, the
general operation for starting data communication in dual
connectivity will be described in detail below.

[0017] FIG. 3 shows an example of the operation of a
user terminal UE for starting data communication in dual
connectivity. First, the userterminal UE, in RRC-connect-
ed mode, communicates with the master base station
MeNB of the macro cell M (step ST01). Next, assist in-
formation (parameters such as the timing of transmis-
sion, the transmission cycle, the transmission frequency,
the signal structure, etc.) for receiving the discovery sig-
nal (hereinafter referred to as "DS") as a detection/meas-
urement signal is reported from the master base station
MeNB to the user terminal UE. Then, the user terminal
UE receive the DS based on the assist information and
carries out measurements in a carrier of a different fre-
quency band from the carrier of the master base station
MeNB (step ST02).

[0018] Next, the user terminal UE feeds back a meas-
urement report thatis acquired from the DS to the master
base station MeNB (step ST03). Next, based on the
measurement report, for example, a secondary base sta-
tion SeNB where the RSRP (Reference Signal Received
Power) is high is assigned to the user terminal UE. At
this time, DRX is configured in the user terminal UE, re-
gardless of whether the small cell S is ON/OFF (step
ST04). Next, when ftraffic is produced on the NW side,
the user terminal UE in DRX mode tries to read the PD-
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CCH in on durations (step ST05). By this means, the
small cell S, if OFF, turns ON.

[0019] Then, the user terminal UE executes synchro-
nization, the RACH (Random Access Channel) proce-
dure and CSI (Channel State Information) measure-
ments (step ST06), and receives downlink data from the
secondary base station SeNB (step ST07). In this way,
in dual connectivity, the user terminal UE receives the
DS from the NW side and carries out measurements,
and, by this means, a secondary base station SeNB is
configured in the user terminal UE, together with DRX.
Consequently when traffic is produced on the NW side,
a DRX on-duration is waited for, and then the subsequent
RACH procedure and so on are executed.

[0020] In the example shown in FIG. 4, with respect to
the secondary base station SeNB (small cell S), the DS
on-duration is configured to 2 msec, which is provided
every 200 msec, the DRX cycle is configured to 40 msec,
and the DRX on-duration is configured to 2 msec. In this
case, when traffic is produced on the user terminal UE
side, a DRX on-duration is not waited for, and uplink data
communication is started shortly after the RACH proce-
dure. Meanwhile, when traffic is produced on the NW
side shortly after an on duration, it is not possible to start
connecting operations such as the RACH procedure and
so on, without waiting for the next on duration after the
traffic is produced.

[0021] In particular, inlong DTX (Discontinuous Trans-
mission), it takes time until data communication is start-
ed. In this way, in dual connectivity, the operation at the
start of data communication when traffic is produced on
the NW side is not sufficiently optimized. So, the present
inventors have made the present invention in order to
prevent the start of downlink data communication from
relying on the DRX cycle and delaying. That is, a gist of
the present invention is that, when traffic is produced on
the NW side, control is executed on the NW side so that
a user terminal UE transitions from DRX mode to non-
DRX mode, and data communication is started quickly
with respect to a secondary base station SeNB (small
cells S).

[0022] Now, the operation of a user terminal 20 for
starting data communication with a secondary base sta-
tion 12 according to the present embodiment will be de-
scribed below with reference to FIG. 5. As for the oper-
ation method for the operation to start data communica-
tion, the following three methods may be possible. The
first operation method is the method of making the user
terminal 20 activate the RACH procedure (random ac-
cess procedure) with the secondary base station 12. The
second operation method is the method of making the
user terminal 20 activate a drx_Inactivity Timer with re-
spect to the secondary base station 12. The third oper-
ation method is the method of making the user terminal
20 transition from DRX mode to non-DRX mode by using
a specific DS.

[0023] Assume that dual connectivity is applied to the
user terminal 20 in the following descriptions of the first
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to third operation methods. Then, in a first carrier (for
example, a carrier of a relatively low frequency band),
the user terminal 20 is capable of communicating with
the master base station 11. In a second carrier (for ex-
ample, a carrier of a relatively high frequency band), the
user terminal 20 assumes DRX mode with respect to the
secondary base station 12. Also, the operation method
for the operation for starting data communication is not
limited to the above three operation methods, and any
method may be used as long as the user terminal 20 is
made to transition from DRX mode to non-DRX mode
via control executed on the NW side.

[0024] FIG. 5A shows the first operation method when
traffic (packet) is produced in the master base station 11.
When traffic is produced in the master base station 11,
command information for commanding a start of the
RACH procedure with the secondary base station 12 is
reported from the master base station 11 to the user ter-
minal 20. Upon receiving the command information from
the master base station 11, the user terminal 20 transi-
tions from DRX mode to non-DRX mode. Then, the user
terminal 20 starts the RACH procedure for the secondary
base station 12, and, furthermore, carries out CSI| meas-
urements. By this means, data communication is started
quickly between the user terminal 20 and the secondary
base station 12 without relying on the DRX cycle.
[0025] Note that, with the first operation method, com-
mand information for commanding a start of a contention-
based RACH procedure may be reported to the user ter-
minal 20, or command information for commanding a
start of a non-contention-based RACH procedure may
be reported to the user terminal 20. In the event of the
contention-based RACH procedure, the RACH is always
monitored in the secondary base station 12. In this case,
when the user terminal 20 is commanded to start the
RACH procedure, a report to that effect is reported from
the master base station 11 to the secondary base station
12 via a backhaul. By this means, the secondary base
station 12 does not have to monitor the RACH all the
time, so that the load of the secondary base station 12
is lightened.

[0026] Also, in the event of the non-contention-based
RACH procedure, as shown with the broken line, the pre-
amble of the RACH is indicated from the secondary base
station 12 to the master base station 11 via the backhaul.
The preamble indicated via the master base station 11
is transmitted from the user terminal 20 to the secondary
base station 12, so that the contention of preambles is
reduced. Note that the command information may be re-
ported from the master base station 11 to the user ter-
minal 20 by using any of MAC signaling, RRC signaling
and the PDCCH.

[0027] FIG. 5B shows the first operation method when
traffic (packet) is produced in the secondary base station
12. When traffic is produced in the secondary base sta-
tion 12, a higher layer message regarding the RACH is
generated in the secondary base station 12. The higher
layer message is reported from the secondary base sta-
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tion 12 to the master base station 11 via the backhaul.
The higher layer message is received in the master base
station 11, and command information for commanding a
start of the RACH procedure with the secondary base
station 12 is reported from the master base station 11 to
the user terminal 20.

[0028] Upon receiving the command information from
the master base station 11, the user terminal 20 transi-
tions from DRX mode to non-DRX mode. Then, the user
terminal 20 starts the RACH procedure for the secondary
base station 12, and, furthermore, carries out CS| meas-
urements. By this means, data communication is started
quickly between the user terminal 20 and the secondary
base station 12 without relying on the DRX cycle. Note
that, even when traffic is produced in the secondary base
station 12, contention-based or non-contention-based
command information may be reported as when traffic is
produced in the master base station 11.

[0029] Also, a structure may be used in which, when
trafficis produced in the secondary base station 12, com-
mand information to contain specific signaling content is
generated in the secondary base station 12, and the mas-
ter base station 11 forwards this to the user terminal 20.
Also, it is equally possible to generate only the RACH
procedure activation command in the secondary base
station 12, and generate specific signaling content (com-
mand information) for the user terminal 20 in the master
base station 11. Note that the command information may
be reported from the master base station 11 to the user
terminal 20 by using any of MAC signaling, RRC signaling
and the PDCCH.

[0030] FIG. 5 C shows the second operation method
when traffic (packet) is produced in the master base sta-
tion 11. When traffic is produced in the master base sta-
tion 11, command information for activating a
drx_Inactivity Timer is reported from the master base sta-
tion 11 to the user terminal 20. Upon receiving the com-
mand information from the master base station 11, the
user terminal 20 activates the drx_Inactivity Timer and
transitions from DRX mode to non-DRX mode. The user
terminal 20 monitors the PDCCH of the secondary base
station 12 until a predetermined period is over on this
drx_Inactivity Timer.

[0031] Also, the master base station 11 commands the
secondary base station 12 to starta PDCCH-order RACH
procedure. The secondary base station 12 sends a
RACH transmission command to the user terminal 20 by
using the PDCCH and so on (dedicated preamble).
Based on the command from the secondary base station
12 using the PDCCH, the user terminal 20 executes the
RACH procedure, and, furthermore, carries out CSI
measurements. By this means, data communication is
started quickly between the user terminal 20 and the sec-
ondary base station 12 without relying on the DRX cycle.
[0032] Note that, although a structure has been de-
scribed with the second operation method in which traffic
is produced in the master base station 11, this structure
is by no means limiting. The second operation method
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is applicable to structures in which traffic is produced in
the secondary base station 12. Also, the command infor-
mation may be reported from the master base station 11
to the user terminal 20 by using any of MAC signaling,
RRC signaling and the PDCCH.

[0033] FIG. 5D show the third operation method when
traffic (packet) is produced in the secondary base station
12. The secondary base station 12 transmits a specific
DS to the user terminal 20, apart from the regular DS for
carrier detection, in a predetermined cycle. For the spe-
cific DS, a DS for non-DRX transition, which is different
from the regular DS and which is generated from the
scrambling sequence, is prepared. The user terminal 20
transitions from DRX mode to non-DRX mode upon de-
tecting the non-DRX transition DS. This transition from
DRX mode to non-DRX mode may be carried out by start-
ing the RACH procedure, by starting the drx_Inactivity
Timer or by using short DRX.

[0034] After that, the user terminal 20 executes the
RACH procedure for the secondary base station 12, and,
furthermore, carries out CSI measurements. By this
means, data communication is started quickly between
the user terminal 20 and the secondary base station 12
without relying on the DRX cycle. In particular, the third
operation method is effective whenthe DRX cycle is long-
er than the DS transmission cycle.

[0035] Note that a structure to configure specific sub-
frames in which the regular DS and the non-DRX transi-
tion DS are transmitted, apart from subframes in which
the regular DS is transmitted, may be used. In this case,
the user terminal 20 detects the regular DS and the non-
DRX transition DS in the specific subframes, and, when
detecting the non-DRX transition DS, quickly transitions
from DRX mode to non-DRX mode. By this means, the
number of times of blind detection in the user terminal
20 can be reduced. Note that, although a structure has
been described with the third operation method in which
traffic is produced in the secondary base station 12, this
structure is by no means limiting. The third operation
method is equally applicable to structures in which traffic
is produced in the master base station 11.

[0036] Now, the radio communication system accord-
ing to the present embodiment will be described below
in detail. FIG. 6 is a schematic structure diagram of the
radio communication system according to the present
embodiment. Note that the radio communication system
shown in FIG. 6 is a system to incorporate, for example,
the LTE system or SUPER 3G. This radio communication
system can adopt carrier aggregation (CA) to group a
plurality of fundamental frequency blocks (component
carriers) into one, where the system bandwidth of the
LTE system constitutes one unit. Also, this radio com-
munication system may be referred to as "IMT-ad-
vanced," or may be referred to as "4G" or "FRA (Future
Radio Access)."

[0037] The radio communication system 1 shown in
FIG. 6 includes a master base station 11 that forms a
macro cell M, and secondary base stations 12 that form
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small cells S, which are placed within the macro cell M
and narrower than the macro cell M. User terminals 20
are placed in the macro cell M and in each small cell S.
The user terminals 20 can connect with both the master
base station 11 and the secondary base stations 12. In
the macro cell M, a carrier of a relatively low frequency
band (for example, 2 GHz) and a narrow bandwidth (re-
ferred to as "legacy carrier" and so on) is used. On the
other hand, in the small cells S, a carrier of a relatively
high frequency band (for example, 3.5 GHz and so on)
and a wide bandwidth is used.

[0038] By means of dual connectivity, the user termi-
nals 20 communicate with the master base station 11 in
a relatively low frequency band, and communicate with
the secondary base stations 12 in a relatively high fre-
quency band. The master base station 11 and the sec-
ondary base stations 12 are connected with each other
via an inter-base station interface (for example, optical
fiber, the X2 interface, etc.). Also, carriers of the same
frequency may be used in the macro cell M and the small
cells S. The master base station 11 and the secondary
base stations 12 are each connected with a higher station
apparatus 30 and are connected with a core network 40
via the higher station apparatus 30. Note that the higher
station apparatus 30 may be, for example, an access
gateway apparatus, a radio network controller (RNC), a
mobility management entity (MME) and so on, but is by
no means limited to these.

[0039] Note that the master base station 11 may be
referred to as an "eNodeB," a "transmitting/receiving
point," and so on. Also, the secondary base stations 12
may be referred to as "pico base stations," "femto base
stations," "home eNodeBs," "RRHs (Remote Radio
Heads)," "micro base stations," "transmitting/receiving
points" and so on. Also, it is equally possible to make a
base station covering a small cell S the master base sta-
tion 11 and make the base station covering the macro
cell M a secondary base station 12. The user terminals
20 are terminals to support various communication
schemes such as LTE, LTE-A and so on, and may be
both mobile communication terminals and stationary
communication terminals.

[0040] In the radio communication system 1, as radio
access schemes, OFDMA (Orthogonal Frequency Divi-
sion Multiple Access) is applied to the downlink, and SC-
FDMA (Single-Carrier Frequency Division Multiple Ac-
cess) is applied to the uplink.

[0041] In the radio communication system 1, a down-
link shared channel (PDSCH: Physical Downlink Shared
Channel), which is used by each user terminal 20 on a
shared basis, downlink control channels (PDCCH: Phys-
ical Downlink Control Channel,and EPDCCH: Enhanced
Physical Downlink Control Channel), a PCFICH (Physi-
cal Control Format Indicator Channel), a PHICH (Phys-
ical Hybrid-ARQ Indicator Channel), a broadcast channel
(PBCH) and so on are used as downlink communication
channels. User data and higher layer control information
are communicated by the PDSCH. Downlink control in-
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formation (DCI) is communicated by the PDCCH and the
EPDCCH.

[0042] Also, in the radio communication system 1, a
PUSCH (Physical Uplink Shared Channel), which is used
by each user terminal 30 on a shared basis as an uplink
data channel, a PUCCH (Physical Uplink Control Chan-
nel), which is an uplink control channel, and so on are
used as uplink communication channels. User data and
higher layer control information are communicated by the
PUSCH. Also, by means of the PUCCH, downlink radio
quality information (CQI: Channel Quality Indicator), de-
livery acknowledgement information (ACKs/NACKs) and
S0 on are communicated.

[0043] The master base station 11 and the secondary
base stations 12 will be hereinafter collectively referred
to as "radio base station 10," unless specified otherwise.
FIG. 7 is a diagram to show an overall structure of a radio
base station 10 according to the present embodiment.
The radio base station 10 has a plurality of transmit-
ting/receiving antennas 101 for MIMO communication,
amplifying sections 102, transmitting/receiving sections
(transmitting sections) 103, a baseband signal process-
ing section 104, a call processing section 105 and an
interface section 106.

[0044] Userdata to be transmitted from the radio base
station 10 to a user terminal 20 on the downlink is input
from the higher station apparatus 30, into the baseband
signal processing section 104, via the interface section
106.

[0045] Inthe baseband signal processing section 104,
aPDCP layer process, division and coupling of user data,
RLC (Radio Link Control) layer transmission processes
such as an RLC retransmission control transmission
process, MAC (Medium Access Control) retransmission
control, including, for example, an HARQ transmission
process, scheduling, transport format selection, channel
coding, an inverse fast Fourier transform (IFFT) process
and a precoding process are performed, and the result
is forwarded to each transmitting/receiving section 103.
Furthermore, control signals are also subjected to trans-
mission processes such as channel coding and an in-
verse fast Fourier transform, and are forwarded to each
transmitting/receiving section 103.

[0046] Each transmitting/receiving section 103 con-
verts the downlink signals, which are pre-coded and out-
put from the baseband signal processing section 104 on
a per antenna basis, into a radio frequency band. The
amplifying sections 102 amplify the radio frequency sig-
nals having been subjected to frequency conversion, and
transmit the resulting signals through the transmitting/re-
ceiving antennas 101.

[0047] Meanwhile, as for uplink signals, the radio fre-
quency signals that are received in the transmitting/re-
ceiving antennas 101 are each amplified in the amplifying
sections 102, converted into baseband signals through
frequency conversion in each transmitting/receiving sec-
tion 103, and input in the baseband signal processing
section 104.
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[0048] Inthe baseband signal processing section 104,
the user data that is included in the input baseband sig-
nals is subjected to an FFT process, an IDFT process,
error correction decoding, a MAC retransmission control
receiving process, and RLC layer and PDCP layer re-
ceiving processes, and theresultis forwarded to the high-
er station apparatus 30 via the interface section 106. The
call processing section 105 performs call processing
such as setting up and releasing communication chan-
nels, manages the state of the base station and manages
the radio resources.

[0049] The interface section 106 transmits/receives
signals to and from neighboring base stations (backhaul
signaling) via aninter-base station interface (forexample,
optical fiber, the X2 interface, etc.). For example, data is
transmitted and received between the master base sta-
tion 11 and the secondary base stations 12 via the inter-
face section 106. Alternatively, the interface section 106
transmits and receives signals to and from the higher
station apparatus 30 via a predetermined interface.
[0050] FIG. 8 is a diagram to show a functional struc-
ture of a master base station 11 according to the present
embodiment. Note that the following functional structure
is primarily formed with a baseband signal processing
section 104 provided in the master base station 11 and
so on. As shown in FIG. 8, the master base station 11
has a scheduler 301 and a DL signal generating section
302. Although only part of the structure of the baseband
signal processing section 104 is shown here, assume
that a structure to meet the needs is provided without
shortage.

[0051] The scheduler 301 allocates (schedules) the ra-
dio resources for DL signals to transmit to the user ter-
minal 20 and the radio resources for UL signals to trans-
mit from the user terminals 20. According to the above-
described first and second operation methods, the
scheduler 301 controls the DRX mode of the user termi-
nal 20 with respect to the secondary base station 12 de-
pending on the traffic for the user terminal 20 that is pro-
duced in the master base station 11 and in the secondary
base stations 12. When traffic for the user terminal 20 is
produced in the master base station 11 or the secondary
base station 12, the scheduler 301 commands the DL
signal generating section 302 to generate command in-
formation for making the user terminal 20 in DRX mode
transition to non-DRX mode.

[0052] The DL signal generating section 302 includes
a data signal generating section 303 that generates data
signals for the user terminal 20, and a command infor-
mation generating section (generating section) 304 that
generates command information for the user terminal 20.
The data signal generating section 303 generates data
signals when a packet is input through the interface sec-
tion 106. When a data signal is generated in the data
signal generating section 303, or when a data signal is
generated in the secondary base station 12, the com-
mand information generating section 304 generates
command information.
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[0053] In this case, information for allowing the user
terminal 20 to start the contention-based or the non-con-
tention-based RACH procedure (random access) is the
command information for the first operation method. The
command information commands a start of the RACH
procedure, and the user terminal 20 transitions from DRX
mode to non-DRX mode. Information allowing the user
terminal 20 to forcibly activate the drx_Inactivity Timer is
the command information for the second operation meth-
od. The command information commanding activation of
the drx_Inactivity Timer, and the user terminal 20 transi-
tions from DRX mode to non-DRX mode.

[0054] The signals generated in the data signal gen-
erating section 303 and the command information gen-
erating section 304 are transmitted to the user terminal
20 via the transmitting/receiving sections 103. The com-
mand information may be transmitted using any of MAC
signaling, RRC signaling and the PDCCH in the trans-
mitting/receiving sections 103. Note that, when com-
manding activation of the drx_Inactivity Timer, the sched-
uler 301 commands the secondary base station 12 to
start the PDCCH-order RACH procedure.

[0055] FIG. 9 is a diagram to show a functional struc-
ture of a secondary base station 12 according to the
present embodiment. Note that the following functional
structure is primarily formed with a baseband signal
processing section 104 provided in the secondary base
station 12, and so on. As shown in FIG. 9, the secondary
base station 12 has a scheduler 311 and a DL signal
generating section 312. Although only part of the struc-
ture of the baseband signal processing section 104 is
shown here, assume that a structure to meet the needs
is provided, without shortage.

[0056] The scheduler 311 allocates (schedules) the ra-
dio resources for DL signals to transmit to the user ter-
minal 20 and the radio resources for UL signals to trans-
mit from the user terminal 20. For example, the scheduler
311 schedules DS transmission in accordance with DRX
on-durations in the user terminal 20 (see FIG. 4). Accord-
ing to the third operation method, the scheduler 311 con-
trols the DRX mode of the user terminal 20 with respect
to the secondary base station 12 depending on the traffic
for the user terminal 20 that is produced in the master
base station 11 and secondary base station 12. When
traffic for the user terminal 20 is produced in the master
base station 11 or in the secondary base station 12, the
scheduler 311 commands the DL signal generating sec-
tion 312 to generate the DS for non-DRX transition.
[0057] The DL signal generating section 312 includes
a data signal generating section 313 that generates data
signals for the user terminal 20, and a DS generating
section (generating section) 314 that generates DSs for
the user terminal 20. When a packet is input through the
interface section 106, the data signal generating section
313 generates a data signal. The DS generating section
314 generates the regular DS for carrier detection. Alter-
natively, when a data signal is generated in the data sig-
nal generating section 313, or when a data signal is gen-
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erated in the secondary base station 12, the DS gener-
ating section 314 generates the non-DRX transition DS.
[0058] In this case, the non-DRX transition DS for the
third operation method is generated by using a scram-
bling sequence that is different from that of the regular
DS. The non-DRX transition DS commands the user ter-
minal 20 to, for example, start the RACH procedure, ac-
tivate the drx_Inactivity Timer or transition to short DRX.
The non-DRX ftransition DS commands a start of the
RACH procedure and so on, and the user terminal 20
transitions from DRX mode to non-DRX mode.

[0059] Note that, although the non-DRX transition DS
is transmitted in the same subframe as that of the regular
DS, it is equally possible to configure the non-DRX tran-
sition DS to be transmitted a smaller number of times
than the regular DS (thatis, transmitted in a longer cycle).
That is, a structure may be used in which, among the
subframes in which the regular DS is transmitted, the
regular DS and the non-DRX transition DS are transmit-
ted in part of the subframes. By this means, it is possible
to reduce the load of the DS detection process on the
user terminal 20 side.

[0060] The signals generated in the data signal gen-
erating section 313 and the DS generating section 314
are transmitted to the user terminal 20 via the transmit-
ting/receiving sections 103. Note that the DL signal gen-
erating section 312 also generates the RACH signal
(RACH response, dedicated preamble, etc.), which is
used in the RACH procedure between the user terminal
20 and the secondary base station 12, and so on. Also,
it is possible to employ a structure, in which command
information is generated in the DS generating section
314 of the secondary base station 12, and the master
base station 11 is made to transmit the command infor-
mation to the user terminal 20.

[0061] FIG.10isadiagramtoshowan overall structure
of a user terminal 20 according to the present embodi-
ment. The user terminal 20 has a plurality of transmit-
ting/receiving antennas 201 for MIMO communication,
amplifying sections 202, transmitting/receiving sections
(receiving sections) 203, a baseband signal processing
section 204 and an application section 205.

[0062] As for downlink data, radio frequency signals
that are received in the plurality of transmitting/receiving
antennas 201 are each amplified in the amplifying sec-
tions 202, and subjected to frequency conversion and
converted into baseband signals in the transmitting/re-
ceiving sections 203. The baseband signals are subject-
ed to receiving processes such as an FFT process, error
correction decoding and retransmission control, in the
baseband signal processing section 204. In this downlink
data, downlink user data is forwarded to the application
section 205. The application section 205 performs proc-
esses related to higher layers above the physical layer
and the MAC layer. Also, in the downlink data, broadcast
information is also forwarded to the application section
205.

[0063] Meanwhile, uplink user data is input from the
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application section 205 to the baseband signal process-
ing section 204. In the baseband signal processing sec-
tion 204, aretransmission control (H-ARQ (Hybrid ARQ))
transmission process, channel coding, precoding, a DFT
process, an IFFT process and so on are performed, and
theresultis forwarded to each transmitting/receiving sec-
tion 203. Baseband signals that are output from the base-
band signal processing section 204 are converted into a
radio frequency band in the transmitting/receiving sec-
tions 203. After that, the amplifying sections 202 amplify
the radio frequency signals having been subjected to fre-
quency conversion, and transmit the results from the
transmitting/receiving antennas 201.

[0064] FIG. 11is a diagram to show a functional struc-
ture of the user terminal 20 according to the present em-
bodiment. Note that the following functional structure is
primarily formed with the baseband signal processing
section 204 provided in the user terminal 20 and so on.
AsshowninFIG. 11, the user terminal 20 has a DL signal
decoding section 401, a mode transition section 402, a
random access control section 403, a cell detec-
tion/measurement section (detection section) 404 and a
UL signal generating section 405. Although only part of
the structure of the baseband signal processing section
104 is shown here, assume that a structure to meet the
needs is provided without shortage.

[0065] The DL signal decoding section 401 decodes
DL signals that are transmitted from the master base sta-
tion 11 and the secondary base station 12. For example,
the DL signal decoding section 401 acquires command
information that is transmitted form the master base sta-
tion 11, the DS that is transmitted from the secondary
base station 12 and so on. The command information is
output from the DL signal decoding section 401 to the
mode transition section 402, and the DS is output from
the DL signal decoding section 401 to the cell detec-
tion/measurement section 404.

[0066] When a packet is produced in the application
section 205 (user terminal 20 side), the mode transition
section 402 quickly transitions from DRX mode to non-
DRX mode. On the other hand, when traffic is produced
in the master base station 11 or in the secondary base
station 12, the mode transition section 402 transitions
from DRX mode to non-DRX mode based on the com-
mand information. For example, in the event of the first
operation method, the mode transition section 402 com-
mands the random access control section 403 to start
the RACH procedure based on the command informa-
tion, and transitions from DRX mode to non-DRX mode.
Also, in the event of the second operation method, the
mode transition section 402 activates the drx_Inactivity
Timer and transitions from DRX mode to non-DRX mode.
In this second operation method, the user terminal 20
monitors the PDCCH from the secondary base station
12 until a predetermined period is over.

[0067] The cell detection/measurement section 404
performs blind detection of the DS received from the sec-
ondary base station 12. With the third operation method,
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when a non-DRX transition DS is detected, a command
to start the RACH procedure, a command to activate the
drx_Inactivity Timer, a command to transition to short
DRX and so on are output to the mode transition section
402, so as to make the user terminal 20 transition to non-
DRX mode. Also, when the regular DS is detected, the
cell detection/measurement section 404 measures the
received state (the RSRP, the RSRQ, etc.) with respect
to this DS. The measurement result is fed back to the
master base station 11 and the secondary base station
12 in the form of a measurement report.

[0068] Therandomaccess control section403 controls
the random access procedure. The random access con-
trol section 403 controls the PRACH signal based on, for
example, command information that is transmitted from
the master base station 11, and a trigger for the RACH
signal that is transmitted from the secondary base station
12 in the PDCCH (Dedicated preamble).

[0069] The UL signal generating section 405 gener-
ates UL signals (the PRACH signal, measurementreport,
etc.) based on commands from the random access con-
trol section 403 and the cell detection/measurement sec-
tion 404. Also, the UL signal generating section 405 gen-
erates uplink control signals such as delivery acknowl-
edgement signals, uplink data signals and so on.
[0070] As described above, in the radio communica-
tion system 1 according to the present embodiment,
when traffic is produced in a master base station 11 or
in a secondary base station 12 in dual connectivity, com-
mand information is transmitted from the master base
station 11 to a user terminal 20. By receiving the com-
mand information, the user terminal 20 transitions from
DRX mode to non-DRX mode with respect to the sec-
ondary base station 12. By this means, the operation of
the user terminal 20 for starting data communication with
the secondary base station 12 does not rely on the cycle
of receiving timings in DRX mode, so that it is possible
to quickly start data communication between the user
terminal 20 and the secondary base station 12.

[0071] The presentinvention is by no means limited to
the above embodimentand can be implemented with var-
ious changes. For example, it is possible to adequately
change the number of carriers, the bandwidth of the car-
riers, the signaling method, the number of processing
sections, the order of processes and so on in the above
description, without departing from the scope of the
present invention, and implement the present invention.
Besides, the present invention can be implemented with
various changes without departing from the scope of the
present invention.

[0072] The disclosure of Japanese Patent Application
No. 2013-227340, filed on October 31, 2013, including
the specification, drawings and abstract is incorporated
herein by reference in its entirety.
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Claims

1. A radio base station that, when a user terminal is in
discontinuous reception mode in a first carrier used
in another radio base station, communicates with the
user terminal by using a second carrier that is differ-
ent from the first carrier of the other radio base sta-
tion, the radio base station comprising a transmitting
section that, when traffic is produced in the radio
base station or in the other radio base station, trans-
mits command information for allowing the user ter-
minal to transition from discontinuous reception
mode to non-discontinuous reception mode, to the
user terminal.

2. Theradio base station according to claim 1, wherein
the transmitting section transmits command informa-
tion for commanding the user terminal to make a
random access to the other radio base station.

3. Theradio base station according to claim 2, wherein
the transmitting section transmits command informa-
tion forcommanding a contention-based random ac-
cess or command information for commanding a
non-contention-based random access.

4. The radio base station according to claim 1, wherein

the transmitting section transmits command informa-
tion for allowing the user terminal to activate a timer
for making a transition from discontinuous reception
mode to non-discontinuous reception mode until a
predetermined period is over.

5. The radio base station according to one of claim 1
to claim 4, further comprising a generating section
that generates the command information when traffic
is produced in the radio base station or in the other
radio base station.

6. The radio base station according to one of claim 1
to claim 4, wherein, when traffic is produced in the
other radio base station, the transmitting section for-
wards command information generated in the other
radio base station to the user terminal.

7. Auser terminal that communicates with a radio base
station by using a second carrier when the user ter-
minal is in discontinuous reception mode in a first
carrier that is used in another radio base station, the
second carrier being different from the first carrier of
the other radio base station, the user terminal com-
prising:

areceiving section that, when traffic is produced
in the radio base station or in the other radio
base station, receives command information for
allowing transition from discontinuous reception
mode to non-discontinuous reception mode,
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from the radio base station; and

a mode transition section that transitions from
discontinuous reception mode to non-discontin-
uous reception mode based on the command
information.

The user terminal according to claim 7, further com-
prising a detection section that detects the first car-
rier based on a detection/measurement signal from
the other radio base station,

wherein the receiving section receives, from the ra-
dio base station, command information for making a
transition from discontinuous reception mode to non-
discontinuous reception in the first carrier detected
in the detection section.

A radio communication method for allowing a user
terminal and a radio base station to communicate by
using a second carrier when the user terminal is in
discontinuous reception mode in a first carrier that
is used in another radio base station, the second
carrier being different from the first carrier of the other
radio base station, the radio communication method
comprising:

when traffic is produced in the radio base station
or in the other radio base station, transmitting
command information for allowing the user ter-
minal to transition from discontinuous reception
mode to non-discontinuous reception mode,
from the radio base station to the user terminal;
and

receiving the command information from the ra-
dio base station, in the user terminal, and tran-
sitioning from discontinuous reception mode to
non-discontinuous reception mode based onthe
command information.

A radio base station that, when a user terminal that
communicates with another radio base station by us-
ing a second carrier is in discontinuous reception
mode, communicates with the user terminal by using
a first carrier that is different from the second carrier
of the other radio base station, the radio base station
comprising:

a generating section that generates a detec-
tion/measurement signal for allowing the user
terminal to detect the first carrier; and

a transmitting section that transmits the detec-
tion/measurement signal to the user terminal in
accordance with an on duration in the user ter-
minal in discontinuous reception mode,

wherein, apart from a regular detection/measure-
ment signal for detecting the first carrier, the gener-
ating section generates a detection/measurement
signal for mode transition for allowing a transition
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from discontinuous reception mode to non-discon-
tinuous reception mode, as a
detection/measurement signal.
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